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3TUDYINQ  THE  OXIDATION  OF  NIOBIUM  BASE  ALLOTS 

By 

V.  I.  Origorovioh  and  A.  I.  Ledyurin 


No.  Nominal  eontontof 


alloying. -S.lftn.onti 


0  (niobium) 


Mil 

O  (niobium) 


Chemical 

_woight. 


analysis  data 
_ 


1 

2 

3 

4 

5 

r. 

7 

8 

9 

10 
11 
12 

13 

14 

15 
10 

17 

18 
10 

20 

*2! 


30  Zr 

30  Zr  +  2  Tl 

30  Zr  +  5  Tl 

30  Zr  +  10  Tl 

30  Zr  +  2  V 

30  Zr  +  5  V 

30  Zr  + 10  V 

30  Zr  +  2  Cr 

30  Zr  +  5  Cr 

30  Zr  +  10  Cr 

30  Zr  +  2  Mo 

30  Zr  +  5  Mo 

30  Zr  *|*  7  Mo 

30  Zr  +  10  Mo 

30  Zr  —  2  Ce 

10  Zr+10  Tl 

10  Zr  +  10  Mo 

10  Zr  + 10  Tl  +  10  Mo 

10  Tl  +  10  Mo 
10  Tl  4-  20  Mo 


29,6  Zr 

29,9  Zr  4- 1,045  Tl 
30,3  Zr4-2,65  Ti 

31.2  Zr4-5,44  Tl 
29,9  Zr  + 1 ,11  V' 

30.3  Zr+2,82  V. 
31,1  Zr  +  5,77  V 
29,9  Zr+1,13  Cr 

30.3  Zr  4-  2,88  Cr 
31,0  Zr-f  5,88  Cr 
29,6  Zr  4- 2,075  Mo 
29,6  Zr-f  5,18  Mb 
29,6  Zr4-7,2  Mo 
29*6  Zr  4- 10,32  Mo 

29.3  Zr  -f  2,85  Co 

10.3  Zr  +  5,4  Tl 
9,82  Zr4- 10,3  Mo 
10,3  Zr4-5,4  Tl  + 

.  +10,8  Mo 
5,41  Tl  +  10,8  Mo 
5,30  Tl  +  21,6  Mo 


31,3  Zr+1,04  Tl 

31.1  Zr  +  3,0  Tl 

31.8  Zr  +  5,5  Tl 

1,26  V 
3,11  V 
4,8  V 

30.9  Zr  +  1,18  Cr 

32.1  Zr  +  3,1  Cr 
30,8  Zr  +  0,5  Cr 

1,98  Mo 
5,05  Mo 

7.75  Mo 
9,96  Mo 

5.76  Tl 
9,94  Mo 


CM 


Published  investigations  of  the  heat  resistance  of  binary  niobium  base 
alloys  showed,  that  during  oxidation  niobium  alloys  with  30-35$  Zr^  are  oxygen) 
contaminated  to  a  relatively  low  degree  [l].  In  this  connection  it  is  known, 
that  additions  of  titanium,  vanadium,  ohromium  and  molybdenum  most  effectively! 
raise  the  scaling  resistance  of  niobium  [2].  In  this  connection  it  was  decider! 
to  investigate  the  oombined  effeot  of  alloying  elements,  increasing  the  resistance 
to  oxygen  contamination,  and  additions,  increasing  jthe  soaling  resistance  of  hio- 
bium. 

Investigated  was  the  effect  of  additions  (2-10$)  of  titanium,  vanadium 
ohromium  and  molybdenum  to  an  niobium  alloy  with  30$  Zr  on  the  kinetics  of 
oxidation  and  the  diffusion  oxygen  oontamination  of  the  surface  layer. 

Table  1 •  Composition  of  investigated  niobium  base  alloys 


i\ 

R 


a 


£ 
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Here  and  further  on  composition  of  alloys  is  glen  in  at*  $• 
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It  was  kept  in  mind,  that  ccrjbined  alloying  with  two  admixtures  my  incroaso  the 

scaling  resistance  of  niobium  nor  a  effectively,  than  the  alloying  with  ono  olenent 

I 

in  tha  wry  sano  amounts, 

Tic  composition  of  the  investigated  alloys  is  sham  in  tablo  1* 

i 

I  Experimentation  Method 

i 

^  Hiobium  ba3o  alloys  woro  moltod  out  in  fora  of  snail,  ingots  weighing  35-4°  6  , 

in  an  arc  furnace  with  a  tungsten  olectrode,  over  a  cojpor, water  cooled  hearth,  in. 

!  ’  i 

an  argon  ataosphero*  To  eliminate  hetcrogenoitios  of  the  ingot  tho  alleys  wore  romolb* 

ted  6  timos* 

i  ;  ! 

;  Chemical  analysis  of  tho  alloys  (soc  data  in  table  1)  showed  n  slight  discrepancy 

I  !  1 

betwoon  tho  nominal  and  actual  contont  of  allcying  admixtures#  For  the  molting  was  j 

(Usod  pa/dcrcd-netal  niobium,  which  was  first  rcmoltod  to  eliminate  tho  spattering  of 

i  i  ! 

the  metal  at  tho  tirw  of  smelting.  In  rolo  of  allcying  oatorials  v;as  usod  zirconium. 

!  1  •  i 

iodide  ,  electrolytic  chrctniura,  carhon  thermal  vanadium,  sheet  molybdenum*  The  purl- 

*  _  i 

ty  of  the  alloying  materials  and  niobium  is  givon  in  tdblo  2, 

!  •  ‘  j 

Table  2,  Chemical  Composition  of  Initial  Materials 


Material 


Contont  of  admixtures,  woight  % 


< niobium  in  small  bars 
Jr.  Zirconium  iodide 


£  Titanium  iodide 


(Nb  +  Ta)  —  99,78;  Tl  -  0,06;  Fe— 0,07; 
S  — 0,09 


Zr  —  90,7;  D  <3>10"*;  L<210-»;  Hf- 
0,042;  N.  — 0,000:  Nl<0,001;  J  <0,005; 
Mo<0,01:  C<0,05;  Cd<3.10-V 

Cl. <0,0025;  Mn< 0,0002;  Tl- 0,003;  Cr< 
<0,003;  K<3-l(Fh  Ca<0,03;  W <0,004;. 
Cu -0,001;  F*- 0,033;  Si  <0,05 


Tl  —  09,7;  Fo  —  0,01;  Mg -0,01;  Al<0,02; 
SI -0,01;  C— 0,02:  N,-0,03;  O,  —  0,04; 
11,  -0,002;  Mn  — 0,00;  Cr-  0,013;  Nl-0,15 


jror  ii:  ■ 
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Table  2  ,  continued 


V. Carbon  thermal  vanadium 


jflUcctrolytic  chromium 


^phocted  molybdenum 


V  — 00,80:  Fe  —  0,0f3;  0,-0.038;  A1  — 

0,010;  C-<M8;  S-0,04;  nT-0,0  5; 

Si  <0,01;  Sb,  Sn,  Dl,  Cd,  P<M(H  ^ 

00,7?,  Cr  ” 


o,A,0-99\l:  N'1-  °'004:  RcO,  — 0,03; 

!  SiO,  —  0,002;  c.ie.iu  C«Q  4-  MgO 

T>vesu  i 


Tho  study  of  the  oxidizability  of  alleys  was  mado  on  casted  samples  15  mm  in 
dinnoter,  6  mm  hoigh,  cut  out  from  billots  eastod  in  an  arc  furnace  in  copper  casting 

molds  and  subjected  to  preliminary  annealing  in  a  T7V-2  vacuum  furnace  at  a  temp  a-*, 

'  }  * 

raturo  of  35°°°  for  n  poriod  of  1  hour* 

l  ‘  i 

'  .  J 

Hie  sanplos  wore  oxidized  in  open  air  at  temporaturas  of  50°  and  1000°  at  expo¬ 


sures  of  1*2,3,5*10  and  20  hours.  Prior  to  oxidation/ 


wore  subjected  to 


buffing  and  electro  polishing  with  a  roagent,ocinpo3od  of  350  cm?  HP  end  850  cm?  H^SOt, 

!  1  ; 
Oxidation  of  samples  at  a  toaporaturo  of  500°  was  done  in  a  tubular  furnace  in  j 

I  1 

I 

quartz  vossols,  at  1000°  in  a  silit  furnaco  and  corundum  crucibles.  The  vessels  and 

I  I 

crucibles  wore  lid  covered.  The  temperature  on  tho  samples  was  controlled  with  an  , 

!  .  '  I 

accuracy  of  i  5°  with  a  platinum-platinuo-rhodium  thermocouple,  situated  near  the  j 

I  !  I 

samples,  and  with  tho  HP-28  millivoltmeter*  1 

:  !  ! 

The  oxidizability  of the  samples  was  determined  by  tho  total  gain  (overweight),; 

relative  to  the  surfaco  of  the  scxiplo  (in  g/a?)  and  by  the  rate  of  oxidation  within 

20  hours  (in  g/m2,hr),  ‘  < 

I  1  •  1 

On  species  of  all  alloys  at  room  temperature  was  measured  thohordness  on  tho  ’ 

'  |  V 

TP  dovico  with  a  diamond  pyramid  under  a  20  kg  load.  Measured  was  ulso  hot  hardness 

i  !  !  . 

of  tho;  alloys  at  tcmporaturo3  of  500  and  1000°  on  the  7335-1  device  with  n  load- of  -i 

xf**  !  apntaittga/ 

1  -  —2  Orygea  conta  inatiln  was  investigated  on  all  alloys  which  underwent^ 
at  a  tempos?: ture  of  1000°  for  a  period  of  20  hrs.  Hie  depth  of  oxygon  contamination 

O  I  U  I 


UTIr  H.<l 


stcp  m  <  t' 
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of  the  alloy  was  detormincd  'ey  the  method  of  measuring  the  nicrohardness  0:1  3lideo, 
proparod  from  somplo  halves,  remaining  after  the  oxidation  (cleaned  of  scales). 

Prior  to  measuring  tho  nicrokardross  the  slides  were  subjcctod  to  oloctrolytic  poli¬ 
shing  in  a  roaGent  consisting  of  15O  cm^H?  *  850  co?  &>S0^, 

Microhardness  was  noasurod  from  the  tip  of  tho  nicr C3cction  to  it3  oentor,  using 
tho  RITK3  device  with  a  load  of  100  g  and  10  soc, exposure.  P.S  the  depth  of  oxygon 

I 

penotration  into  lie  alley  was  accepted  the  distance  from  the  tip  of  the  nicrosoctioa 
to  the  point,  v/hcre  nicrohardn.  es  coincided  with  tho  initial  microhardnoss  of  tho 
alloy,  Frcn  samples  of  alloys, having  undergone  tosts  at  1000°  for  20  lira,  w.:s  removed 

the  scaling  and  with  the  aid  of  a  micromotor  was  ncasurod  tho  hoight  of  tho  remaining 

layer/ 

Sample,  so  as  to  dotermine  the/  of  tho  oxidizod  netal. 

Simultaneously  was  investigated  tho  nicrostructuro  of  the  oxygon  contaminated 
layor,  which  showed,  that  tho  layer  of  the  contaminated  metal  in  all  alloys,  containing 

zirconiun,is  sharply  limited  a3  result  of  greater  structural  difforonca  of  contumina- 

i 


tod  and  uacontaminatod  motal.  Tho  exception.  hero  was  pure  niobium. 


Iba  visible  dopth  of  oxygen  penetration,  in  tho  alleys  coincides  with/* 
determined  by  the  microhardnosa  method,  Ibis  offorod  the  possibility  to  determine 

frfcW 

on  many  alloys/  of  oxygen  penotration  into  tho  allqy  by  the  direct  microsco- 

pic  method  after  otching  with  a  roegont  consisting  of  150  cm?HP  +  850  cm^ 

!  Ecporimontal  Hosults 

1 

Iloasurernont  of  hardness  of  annoalod  alleys  at  rocm  tomporaturo  shwed,  that  alley 

strength/  h£g/ 

lng  of  niobium  considerably  raisos  tho/  ,  Unalloyed  niobium/'  a  hardness  of 

150  Hr  'units,  tho  introduction  of  J0%  ZT  Lncrcasod  anno  by  almost  double. 

Complex  alloying  of  niobium  v/ith  zr  and  admixtures  of  titanium,vanadiuw, 
chromium  and  molybdenum  in  tho  amounts  of  from  2-10^  results  in  an  additional  roin» 
fore  rent  of  tho  alloy  (fig.l),  v/hilo  alloying  with  titanium  only  slightly  riaos 
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the  hardneca  of  tho  alloy,  and  tho  introduction  of  chrcriiui  t  vanadium  and  molybdenum 

effgo  lyw  i  :J 

leads  to  considerable  reinforce;  .out#  At  a  lO.i  admixture  content  moot  /  Cr, 

follow od  by  7  and  Mo.  Ternary  niobium  alloys  with  10,J  Zr  and  1G;£  Ti  or  molybdenum  had 
a  hardness  of  25O  and  255  Hv  units  respectively. 

^mrdnocs  of  niobium  alloy’s  with  10;£  ‘fi  and  10-20;£  I-k>  (20-21),  as  well  as  the 
liar  duo  ns  of  tho  alloy  with  a  IQCl  Zr  admixture  (llo.l^)  varied  botwoen  303-323  Vickers 
units. 

Tho  results  of  measuring  ‘not  hardness  at  5^0  and  1000°  of  puro  niobium  and  its 
alloys  cro  given  in  table  3  for  tho  purp-03  0  of  estimating  tholr  heat  resistance. 

‘••ith  a  riso  in  tenporafuro  to  jjQ'O0  the  hardness  of  niobium  remains  practically 
unciia.ged.  A  further  rise  in  tempornturo  to  1000°  loads  to  a  reduction  in  hardness 
to  03  kg/mm.  Addition  of  jQZ  Zr  to  tho  niobium  raises  hot  hardness  cons  id  or  ably. 
Additional  alloying  of  tho  binary  alloy 
with  additions  (2-10^)  of  titanium, vana¬ 
dium,  chrcraiuE  or  molybdenum  further  ris«3 
the  boat  resistance  of  alleys  at  500°* At 
a  temperature  of  1000°  additions  (2-5^)  of 
titanium,  vanadium  or  chromium  to  the  bina  j?L 
r y  niobium  alloy  with  3°^  2r  practically  uo 

0  l  i  ■  \  /  to 

do  not  raise  its  hardness. Tho  most  effeo 

tive  increase  in  boat  resistance  of  tho  Fig.l, Change  in  hardnoss  of  binary  nio 

bium  alloy  with  3 0;J  Zr  depend!  g  upon  the 
binary  alloy  is  offorod  by  cn  addition  content  of  alloying  adnfixtyre  titanium, 

-1  vanadium, chrcmium  and  molybdenum.  a-IIard 

of  molybdormm,  an  increase  of  which  in  ness  Hv;  b-content  of  admixture ,  %H 

tho  binary  niobium  alloy  with  ^0%  7X  noticeably  raises  hot  hardness  of  tho  alley  -it 

1000°. 

-  I 
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Table  3.  Hardness  of  Niobiun  Alloys 


Composition  of  alloy  H-rduoss 
at.%  kr/nra2 


300° 

1000° 

Niobium 

SO  Zr . 

133 

83 

238  1 

181 

30  Zr  4-  2  Tl . 

200 

131 

30  Zr  J-  5  Tl . 

2G5 

1G5 

30  Zr  4.  10  Tl . 

291 

139 

30  Zr  4.  2  V . 

293 

U3 

30  Zr  4-  5  V . 

315 

"k  .  . 

150 

Go. ipositicn  of  alloy 

at.* 


j  30  Zr  -fio  V  . 
|  30  ?•  +  2Cr  .  . 
30  Zr  +  5  Cr  . 
30  Zr  +  10  Cr  . 
30  Zr  +  2  Mo  . 
30  Zr  +  5  Mo  . 
30  Zr  4- 10  Mo  . 


Hardness 

kf/m2 

at 

at 

300° 

1000° 

318 

146 

309 

160 

319 

134 

342 

149 

207 

1GS 

292 

191 

342 

220 

It  should  be  pointod  out. that  with  a  ri¬ 
se  in  temperature  to  500°  thoro  is  only 
a  slight  drop  in  the  hardness  of  the  in 
vestigated  alleys,  but  a  riso  in  tempera - 
turo  to  1000°  results  in  an  essential 
drop  in  hardness. 

iiiaMuo/ 

Oxidation  of,  in  air  at  500°* 

|  J 

as  shown  by  fig.2, occurs  by  tho  linoar 
law,  which/  .that  tho  forming 

I 

weak  and  porous  oxido  layer  doos  not  pro- 

paAdatW 

toct  against  r  .  The  formation  of 

i 

such  a  porous  oxido  layor  on  niobium  leads 
to  greator  ratos  of  oxidation  (of  tho  or 
dor  of  22  g/ra?.hr)  even  at  50°  °»  is  evi¬ 


dent  from  data  givoa  bolow.  Tho  addition 

Fig.2. Change  in  gains  at  500°  depending 

of  30*  Zr  sharply  raises  scaling  resis-  upon  oxposure  time.  1-r.iobium'  2-irb+30*  Zrj 
3  3 -hli  t  30*  Zr  +  10*  Ti .  a-gait, ,  .b-time  hrs, 

taace  as  result  of  formation  of  a  protec-  , 

-  purree/ 


tiro  oxido  layer,  and  tho  oxidation 


acquire  tho  form  of  parabolas.  In  fig»3 
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I  I.  v>'  It.  *  f 

i  j 

arc  givon  the  results  of  tooting  the  oxidation  of  alloys  at  500°.  A3  is  evident,  sca¬ 
ling  resistance  of  tho  binax-y  niobium  alloy  with  30%  Zr  risos  alroady  at  additions 
of  2%  of  alloying  olements,  an  increase  in  tho  comtent  of  those  decants  to  liOjC 
loads  to  a  further  rise  in  oxidation  rosintanoo.  A  certain  deviation  from  this  rule 

f 

appoarod  on  alloys  with  vanadium,  whore  the  incroaso  in  the  vanadium  content  from 

[ 

,5  to  10 %  resulted  in  a  small  rise  in  tho  oxidizability  of  the  alley*  Tho  intorseo- 

1  !'■  "!.  y  j 

tion  of  gain  curves  at  smell  axposuros,  apparently,  is  duo  to  th^  slight  difference 

in  the  oxidation  of  alloys  and  very  small  gains,  which  decreases  the  accuracy  of  de- 

|  termination*  i 

Tho  parabolic  nature  of  gain  curves  at  ^00°  points  toward  the  protoctivonoas  fcf 
i  .  ; 

.tho  aside  layer,  forming  on  tho  alleys*  On  samples  of  ternary  alleys  after  one  hour 

of  oxidation  at  a  temper a turo  of  j)00°  was  formed  a  dense  polishod  oxide  layer,  well 

I  i  i 

preserved  evon  after  a  20-hr  tost.  The  film  on  the  niobium  alley  with  30%  zr  after 

I  1  • 

a  20  hr  tost  acquired  a  whitish  deposit* 


Composition  of  alloys  Rate  of  oxidation  Composition  of  alloys  Rato  of  oxidation 
,  at,X  of  Ni  alloys  on  air  at.%  of  Ni  alloys' in  air 

_ at  500o«g/m?*hr _ at  500°.ft/ia.2«hr 


Niobium 


niiwiiw  e  •  • 

30  Zr  .  .  .  . 
30  Zr  -1-  2  Tt 
30  Zr  +  5  Tl 
30  Zr  + 10  Tl 
30  Zr-f-  2V  . 
30  Zr  3  .V  . 


22,35 

.30  Zr  +  10  V  . 

0,528 

30  Zr-j-2  Cr  . 

0,.4O9 

30  Zr  +  5  Cr  .  .  .  . 

0,375 

30  Zr+lc'Y:.-  .... 

•  0,339  .  . 

.  e 

30  Zr  -f  2  Mo‘ . 

0,334 

30  Zr  +  5  Mo . 

0,341 

30  Zr  +  7  Mo . 

0,387 

0,384 

0,337 

•0,297 

0,411 

0,400 

0,347 


The  outor  appearance  of  certain  species  after  20-hr  oxidation  at  500°  is  shewn 

1  '  I 

in  fig*4*0n  puro  niobium  already  after  one  hour  of  testing  is  formed  o  white^  oxide 


film,which  pools  off  during  tho  cooling  of  tho  sample*  Further  oxidation  leads  to 

I - 3  !  .-*• 

repetition  of  this  process.  Alloying  of  niobium  with  30%  7x  lced.’i  to  the  formation 

i - *  , 

of  a  dense,  polishod  oxido  film, which  boc ernes  even  moro  strongor  upon  tho  introduo  . 

I _ SL _ _ _  ..  .  1  .  ...  . .  _ _ _ _ 0 

5  run  nt  m:  stop  hi  i;f. 
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tion  of  titanium*  vanadium*  ohrcnlum  and  molybdenum  admixtures* 


I 

i 


j 
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Fig»3*Chango  in  gains  at  5°°°  o f  tho  binary  niobium  alloy  with  $0%  Zr*  addi- . 
,  tionally  alloyed  v;ith  2-10%  titanium*  vanadium*  chromium  or  molybdenum  in  rola  -  j 
tion  to  exposure  time.  1-0% j  2-2% j  3-5%;  km7%l  5“1°&  o-gainj  b-timo/hr*  ! 


1  *  Fig*4i Outer  view  of  scmplos  aftor  oxidation  at  5°0°  for  20  hrs* 

1-niobium*  2-IJb+30%  ZT;  3-Nb+30%Zr  +  10%  Ti. 

!  • 

In  fig*5  ore  given  tho  ratos  of  oxidation  of  tho  invostigatod  alleys  in  relation 

I 

to  tho  contont  of  tho  alloying  admixture*  Introduction  into  the  binary  alloy  of  2% 

!  1  •  * 

titanium*  vanadium*  chromium  or  molybdonum  results  in  a  sharp  reduction  in  rato  off 

• - -5  ’  5  - - \ 

oxidation  at  5°°9*  Additions  of  7  and  Cr  are  scmowhat  more  effective  than  titanium  . 

i - 4  .  i  4 . • 

and  molybdenum  additions*  An  increase  in  tita tnium,chr cmium  and  molybdenum  contont  : 

‘  I  , 

'to  7-15%  promotes  a  further  reduction  in  tho  rate  of  oxidation*  and  a  rise  in  vana- 

’ - ’  '  <  ’  . i 

dium  content  to  5*10  at*%  results  in  on  inoreaso  in  tho  rato  of  oxidation*  0 

$ror>  here  'j  rop  nr. nr 
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FiG«5*,nates  of  oxidation  at  500°  of  the 
binary  niobium  alloy  with  30%  ZX  doperiding 
on  tho  content  of  titanium, vanadium,  chro 
mium  or  molybdonum  admi::ture,a-rato  of 
oxidation  g/n?.hr j  b^contont  of  admixture 


O  t  J  * 


i  Fig,6,Chango  in  gains  at  1000°;  1-niobium 

Alloying  of  niobium  vi  th  30%2r  rcisos  2-Nb+30$£a?|  3~Nb+10%ZX  +10#H.j  4-IIb+30% 

2r+??JMo|  Nb+l6%Zr+10^Mo+10^1H ;  a-gain  1 
.its  scaling  resistance  by  45  timos,and  thol>-timo,hr, 

addition  of  10%  Tt  to  this  alloy  incroasos  its  stability  in  comparista.  with  niobium 
by  approximately  60  times  (see  fig,2),  Additions  of  remaining  investigated  dements 


cct  almost  as  effectively, 

i 

In  fig, 6  aro  given  results  of 


the  ooddation  of  niobium  at  1000°,  which 


show,  that  niobium  oxidizes  oxtromoly  intensively,  but  by  the  parabolie  law.  Such 

•  •  •  ,  I 

t  -I 

a  nature  of  niobium  oxidation  is,  possibly,  duo  to  the  calcination  of  niobium  pent-' 

l 

cccido  at  1000°,  which  promotes  tho  appearance  of  a  certain  proto ctivonoss  of  this 

l  } 

thickened-  layer,  I 

i  .  i 

The  addition  of  30%  ZX  somewhat  roduoos  the  rate  of  oxidation,  which,  however,  . 

itdk  .5 — - 

/remains  very  high,  as  is  evidont  from  the  data  given  belcwt  4 _ j 

In'fig,7  ore  givon  results  of  t os ting  the  oxidation  of  alloys  at  1000°,Up  to  10% 
additions  of  titanium  and  chrcmium,  up  to  5#  of  vanadium  and  up  to  7%  of  molybdonum 


considordbly  improve  tho  scaling  resistance  of  tho  binary  niobium/ 

srcf>  31<>»  i  f  t-  r 

.  rm.ro-63ri020/ie2  9 . 


with  30%  2r, 


I  T  l  l‘i  l  (.>•  >  T 


Table,  pan®  222 

Composition  of  alloys  Rate  of  oxidation  Composition  of  Kb  alleys  Rato  of  oxida- 


af  1Tb  alloys  in  air  at*%> 
nt  1000°,g/m?«hr 


tion  of  Kb  alloys 
in  air  at  1000° 
rc/s?_ *hr _ 


niobium 


30  Zr . 

30  Zr  +  2  Tl  . 
30  Zr  +  5  Tl  . 
30  Zr  +  10  Tl  . 
30  Zr  +  2  V  .  . 
30  Zr  +  5  V  .  . 
30  Zr  + 10  V  . 
30  Zr  +  2  Cr  . 
30  Zr  +  5  Cr  . 
30  Zr  +  10  Cr  . 


30  Zr  +  2  Mo  .  . 
30  Zr  4-  5  Mo  .  . 
30  Zr  + 10  Mo .  . 
30  Zr  +  2  Ce  .  . 
10  Zr  + 10  Tl  .  .. . 
10  Zr+10  Mo.  . 
10  Zr+10  Tl  +  10 
10  Tl  +  10  Mo  .  . 
1.0  Tl  +  20  Mo  .  . 
30  Zr  +  7  Mo  .  . 


It  should  bo  pointod  out,  that  already  additions  of  2%  titanium, chrcodum, vans  - 
diun  and  molybdonum  load  to  a  rise  in  scaling  resistance  of  the  alley  .Loss  effeotl+ 

vo  in  this  respoct  is  the  offoct  of  chromium*  An  increase  in  molybdenum  content  to  t 

!  .  * 

more  thro  1%  and  vanadium  to  more  thm  5%  noticoably  raises  the  oxidizability  of  the 

3200 -  • -  I 

alleys*  3ooo  -  /  J  ! 

i  ,  /  ,  /,  Rosults  of  oxidizing  the  remaining  invost- 

2800 '  y  9 //  j 

i  tioo .  /  /r2  igatod  alloys  at  1000®  are  presented  in  , 

!  /  /  -  '  I 

.  /  //  fig»8*  Most  intensively  ODddizod/.  Nb  , 

1  2200  -  /  yy  •  ■  •  ,  •  •  ! 

|  2000  -  /  //  alley  with  30  at.%  of  7X  and  2  at*%  Ce*  i 

WO-  '  /  /  /  ,  I 

isoo .  / /  /  4  An  increaso  in  molybdenum  content  frem  10  j 

wo-  / / /  t0  20£  ln  tho  all03r  with  10Jj  n(ourv*i:2 

noo-  /  /  X  '  . 

,ooj  .  /  /  and  3)doos  not  improve  scaling  resistance*; 

too  jJ  /  y  Canplox  alloying  0f  ub  with  10%  a?,  10%  El 

4.0c  Up  - 1  i  and  10%  Mo  (curve  6)  offers  tho  best  re-  J 


suit  in  comparison  with  other  alloys, shown  in. 


/  J  S 


FiG^eCkango  ln  cai-03  at  1000°  of  ccm 
lox  alloyed  niobium  alleys  in  rolation  to 
oxposttro  time  •  a -gain;  b-t  imo  ,hr* 

add  explanations 


fig*8* 


$  f  OP  >  i  t 


STOP  HERE 
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Fig.7,  Chango  in  gains  at  1000°  of'tho  binary  Nb  alley  with  30#  Zr, 
additionally  alloyed  with  2-10%  titanium,  vanadium,  chromium,  or  molybdenum  daponding 

upon  the  ozpoouro  time,  i  3 ...  . . j 

1-  0%{  2-2%j  3-5% j  4-7% |  5-10% 

?  a-gainj  b^timo/hr,  I  . 

- ,  |  1 "I 

_ o _ _  _ . j _ _ _ _ _ _ ... ... .._  o . • 

STOP  Hi  Pi  'j  TOP  I  If  HIT  . 
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N8  +  Jff/tlr  *7°/0  do  NB  *  tOc/ocr  * 

*  fO%Mo*  tO°/oTi 


- 5 

Fic*9*  Outer  cppoaranco  of  o  uaplcs  uft-;r  tasting  at  1000°  for  « 
. .  i  poriod  of  20  hours. 
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The  effectiveness  of  incre  asir.g  the  rcalin*  lv;.  intanco  of  niobium  upon  it3  alloy 
i.ng  in  well  evident  fron  fig,6,  where  sc  ding  r-: si nti-xes  of  niobium  and  tho  binary 
niobium  alloy  with  30  at  %  Zr  is  giver.  at  1000°  in  cca: arison  with  the  bost  alloys. 


lv vine  shewn  ir.Inii.un  geins  ;.-.:ong  nil  the  tested  compositions,  ly  alloyi.'^  i3  possible 
to  considerably  incrcnsa  th:  r  ealise  resistance  of  Zb  at  1000°, The  bost  alley  has 


a  scaling  resistance  15  tines  higher  than  niobium. 


The  on t nr  ap;oaru:ico  of  samples  of 

tc3tod  alleys  after  20  hro  of  oxposure  at 

1000°  is  shown  in  fig.9.  The  niobium  son 

pie  with  a  dionotor  of  15  ~a  and  6  ntn  in 

Sec  A. 

height  is  completely  oxi.izcd  aftor/ 
a  tost.  The  Nb  alloy  with  30,"J  Zr  in  coated, 
with  a  thick  bri#vfc-yallcw  cracking  film, 

A  majority  of  smaplcs  of  testod  alleys  has 
a  thick  cracking  and  pooling  oxide  film, 

A3  the  content  of  socond  alloying  element 
in  tho  binary  niobium  alloy  ;/i  th  30?»  Zr 
incroaso s  tho  thickness  of  tho  oxide  lay¬ 
er  dccroasos.  Tho  oxccption  hero  is  the 
niobium  alloy  sample  with  30  at,?,  Zr  and 
10  at./J  7,  which  oxidizes  noro  intensively. 
During  tho  oxidation  on  the  niobium  alley 


fnuaplos  with  3O#7'’  and  10 %  11, as  woll  as 

Fig,  10, C;wj r.go  in  rato  of  oxidation  at 

on  tho  niobium  alloy  with  30/.  Zr  and  3%  1000 5  of  th-.-  binary  iib+30;,'Zr  alley  in  rfla- 

:  ~  tion.  to  thooontont  of  alloying  titanium, 

V  is  formed  a  thin  peeling  off  oxido  f ilm,v oiadiun,  -.hra'.i-'.u  and  molybdenum  admixture, 

a-rato  of  oxidat icn,g/m? ,’nr j  b-ndmlxtura 
Tlic  niobium  alley  with  30.,  Zr  and  10^  lio  content  at,;&» 
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la  covered  with  a  dunso  non-po cling  oxide  film, cracking  only  along  t no  edgos  of  the 

nlobluq/ 

satiplo#  On  the/  alloy  with  30'/»  'dr  and  7%  Mo,  ar  well  as  on  the  niobium  alley 

ith  10£  dr,  10,»  M-o  and  10;J  Ti,  shewing  mini:  rum  g_ino,  is  formed  a  thin  douse  non-pool 
ing  oxido  layer  of  gruyish-stoel  color.  The  outer  appoarnnee  of  tho  samples  is  in 
good  agrocnont  with  alloy  oxidation  curves,  having  parabolic  nature# 

Additions  of  various  alloying  olcnonts  to  tho  binary  alloy  ehmgo  tho  color  of 
tho  oxido  film,  Cxidss  on  alleys,  alloyed  with  titanium, have  a  dirty  whito  color, 

Tho  bra/nish  color  of  oxides  is  characteristic  for  alloys  alloyed  with  vanadium. 

Alleys  allcyod  with  chrcoiun,  in  proportion  to  its  change  in  contcnt,chnr.go  tho  co¬ 
lor  of  oxidos  fren  brightly  to  dirty  groan  .  Alloying  with  molybdenum  adds  a  bright 
gralsh  color  to  tho  oocidoa# 

In  fig.10  are  shown  tho  ratos  of  oxidation  of  the  niobium  alley  with  30  nt#?J  Zr 

I 

in  relation  to  tho  content  of  titanium,  vanadium,  chromium  and  molybdenum  admixtures# 
Additions  of  2 7,  titanium,  vanadium  or  molybdenum  sharply  reduco  tho  rate  of  alloy  oxi¬ 
dation#  Tho  offoct  of  Cr  is  much  waako.r#  Up  to  a  %  content  tho  offeot  of  titanium, 
vanadium  and  molybdenum  on  the  rato  of  oxidation  of  tho  binary  alloy  is  approximately 

IteaUs&W 

.  Alleys  with  vanadium  admixtures  revoai  a  3harp  rieo  in  the  rato  of  oxida¬ 
tion  at  a  vanadium  contont  of  avor  5/£»  alloys  v;ith  molybdenum  adraixturos  -  at  a  oon- 
tent  of  more  than  An  incrcaso  in  the/  contont  leads  to  a  continuous  rod  no* 

tion  in  tho  rnto  of  oxidation,  more  intensive, then  in  cc3o  of  Cr  admixtures# 

Hccults  of  measuring  tho  nicrohardnesc  of  alleys  after  a  20  hrs  oxposure  at 
1000°  are  given  in  fig.ll,  A  chango  in  nicrohardncss  fren  tho  edge  toward  tho  canter 
of  puro  niobium  samples  (curvo  9)  and  of  the  binary  niobium  alloy  v/ith  30;J  7x  (curvo 
3)  shows,  that  tho  depth  of  oxygon  penetration  into  the  lib  roaches  /',5  mm,  but  the 
alloying  of  niobium  with  jO',1  Zr  by  admixtures  of  Ti,  Cr  or  V  leuvoo  the  depth  of  oxygon 
penetration  practically  unchar.god.  Djpth3  of  oxygen  penetration  for  all  alleys  are 
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given  in  table  4  a;id  comtituto  cbcut  0.3  ”  0 . i-tj  .2.1.  a  reduction  In  '^oom'tin  content 

in  niobium  'Hoys  to  10;J  lond3  to  an  increase  in  th.  depth  of  o-.ygon  pen  tration. 

T  blc  4,  r>:.- 1:-.  of  C.ygon  1 cnetrution  -o'  iliie'.nw  .•■?.  of  I-iotal  Leyor  ’  hich 
converted  into  seals 


Co.. position  of  alloy 
nt,% 


dv  :-th  thickness  of  Co.  position  of  alloy 
of  metal  loyor  at.* 
pone  converted  in 
trot,  to  2cale»cm 

r  m 


IliobiUQ 


30  Zr  .  .  .  . 
30  Zr  a-  2  Tt 
30  Zr  J  .3  Ti 
30  It  -|  10  Ti 
30  Zr  -i-  2  V  . 
*30  Zr  +  j  V  . 
30  Zr  a  io  V 
30  Zr  -2  Cr 
30  Zr  3  Cr 


1  ,5 

0,33 

0,39 

0,  Vi 

0,15 

0,51 

0,11 

0,07 

o.io 

0,32 


— O.Gi 
—0.1 

-0,06 
-r  0,'j3 
—0,07 

.i.o, n 

—1,91 
-0.21 
— 0,14* 


30  Zr  +  10  Cr . 

30  Zr  -r  2  Mo . 

30  Zr  5  Mo . 

oil  Zr  +  7  Mo  .  .  .  . 
30  Zr  -f-  10  Mo.  .  .  . 
10  Zr  |  10  Ti  .  .  .  . 
10  Zr  i-  10  Mo  .... 
10  Zr  a  10  Ti  -f  10  Mo 
10  Ti  +  20  Mo  .... 

I 


Tic knee a  of 
notul  layer 
cenvertod 

into  aoale 
mm 


dopt! 

of 

pc  no 
tr.-.t 

1:571 


•  0,30 
0,31 
0,35 
0,35 
0,12 
0,51 
0,70 
0,35 
0,30 


-0,06 
—0,25 
a  0,C8 

_j_  0 , 0*  i 

4  o.oic 


Tao  ccidation  of  the  alloys  is  characterized  by  two  procossos  xpenotr.ation  of 

itf-ifes/ 

oxygon  into  the  uotal  and  oxidation/  rurfaco  l'.yor  of  the  uotal  with  tho  forxaa- 


tion  of  scale,  In  fig. 12  arc 


■-  *  *» ">*1  +  *■»  - 


co: .binod  gruph3  of  o xygon  penetration  depths 


into  the  nctnl  and  layer  of  tho  uotal, which  convcrtod  into  scale  within  20  lira  at 

1000°,  depending  upon  tho  content  of  alloying  admixture  to  the  binary  Id?  alloy  with. 

imt-al/  converted 

30;J  CX.  It  ia  evident  frcia  tho  graphs, that  the  smallest  tho  /  layer  whicljr 


into  scale,  tho  greater  is  the  depth  of  penetration  of  the  oxygen:  the  exception  aro 
..Hoys  with  chra/dun, in  which  the  depth  of  oxygon  penetration  in  uopendonco  upon  tho 


chraviiun  admixture  to  'tho  binary  alloy  regains  almost  constant, in  spito  of  the  reduc¬ 
tion /^^ic  hues  3  of  the  uotal  luyor, which  converted  into  scale.  An  increase  in  Ti* 

Cr  and  Mo  content  from  2  to  10JJ  and  the  content  of  V  to  lends  to  a  reduction  in 
the  thickness  of  the  natal  lay  or, which  tr-nnfoms  into  scale, 

.  .7 

In  fig. lj  is  shown  tho  initial  micros  true  tura  of  the  niobiun  alloy  with  yj% 

•  *  /" 

representing  a  solid,  niobiun  base  solution  with  snail  sop-orations  along  tho  grain 
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J 


Jo6n6/<a  °fc 


MoSaBxa  Cr,  am.  °f, 


Fic.I2.Cjiur.co  in  oxygon  depth  penetration.  (1)  and  in  the  layer  of  tho  metal 
v.'hich  transformed  into  scale  (2)  on  the  binary  irb+30  Zr  alley  depending  upon  tho 
coatont  of  alLcying  titanium,  vanadium,  chrccdum  end  molybdenum  odxaixturos 
a -depth  in  cm;  b-metal  layor,  icaj  c-admixturo , . . ,at.%« 

Alloying  this  alloy  with  titanium  andiaolybdcnum  admixtures  rc.luco3  somov/hat  tho 

IfclAw 

number  of  those  separations;  but  in  caso  of  alloying  with  V  and  Cr  admixtures / 
nnabor  ldse  considerably.  Hie  general  nature  of  tho  adcros  tructuro  re  us  ins  hero 
unchanged. 


FTD-TT-63 -1020/ 1+2 


i*'ic.!3*  I  dtial  micror-tnicturcs  of  c.llc^a  (X  ^00) 

-  lib  ♦  303  zr;  b-:ib  ♦  30%  z r  +  io;i  rn;  c-:ro  +  3 of,  zr  +  5;J  v. 
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Ono  hears  annealing  of  alleys  at  1500°  led  to  tho  formation  of  a  substructure 

in  the  interior  of  large  era ins, originating  during  tho  solidification  of  the  ingots. 

A  study  of  the  microstructure  of  a  contaminated  layer  showed,  that  in  the  aase  otf 

unalloyed  metal  the  contamination  layer1  represents  a  solid  oxygon  solution  in  niobium 

(fig*12;n),  Alloying  of  niobium  with  305,  2x  (fig,14b)  sharply  changes  the  microstruo- 

turo  of  tho  layer,contaminatod  with  oxygen*  the  layer  acquires  a  lamellar  structure 
I  • 

and  is  divided  into  two  sub  layers  -  gray  (with  a  moro  dispersion  structure)  end  a 

j^XULX^Ht/ 

bright  ono  (with  less  disporaod  /  structure) •  Introduction  into  the  niobium  - 

♦  3035  alloy  of  admixtures  of  2-10JC  Ti,  V,  Cr,  or  Mo  docs  not  notiooably  change 

tho  structure  of  tho  layer, contaminated  with  oxygon,  iftio  lamellar  structure  of  tho 

! 

oxidized  layer,  reminding  of  an  eutectoid,  is  clearly  oxprossed  at  greater  mogaifi- . 
cations  (fig.35). 

I  ! 

Evaluation  of  Investigation  Results 

| 

Structural  characteristics  and  properties  of  metals  of  I7-VI  periods,  especially 
that  of  transient  metals  of  tho  III-7I  groips,  change  lawfully  in  proportion  to  the 

incroaso  in  their  valonco*  Thoso  metals  have  body-contorod  cubical  structures  due  to 

their/ 

tho  prosenoo  in/  ions  of  on  outor  filled  p-subshell,  consisting  of  six  electrons 
or  ion  tod  orthogonally.  In  oaloium,  strontium,  lanthanum  ,  titanium, zirconium  and  haf- 

1  ;  , 

nium  tho  body  oonotord  cubical  modification  is  strible  in  tho  range  of  high  tompora 


turos;  in  scandium  and 


such  a  structure- can  be  found  close  to  tho  melting 


point. 


With  on  incroaso  in  the  valence  of  tho  motal  fresn  1  to  6  as  result  of  separa¬ 


tion  of  all  of  all  valent  oloctrons  and  inoroasa  in  excossive  nuclear  charge  the  me¬ 


tallic  radius  descroasos  continuously 


potassium  to  chromium,  from 


itinucusly  (tablo  5)*  Eiis  is 
rubidium/  ■ 

/  to  molybdonum  and 


observed  in  series  from 


molybdonum  and  from  cesium  to  tungsten. 


Uy  the  same  rule  docroasea  clso  tho  ion  radius#corres ponding  to  highor  valence  or  . 
transition  to  tho  anion  of  all  valont  elootrons*  m  view  of  tho  fact  that  tho 
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attraction  of  difforont  in  sign  charged  ions  loads  tothoir  drawing  closer, than  the 

the/ 

roactioa  of  cations  with  electron  gas  in/ lattico  of  the  metal,  offootive  ion  ra¬ 
dii  appour  to  be  3nallor  them  the  corresponding  octal  radiii 

Shanks  to  a  riso  in  the  nuobor  of  separating  oloctrons  and  roducticn  in  ion  dimon- 
sions,leading  to  a  rise  in  electron  gas  density  in  IV^VI  periods  in  direction  from 

| 

left  to  right  from  I  to  71  group,  is  obs^rvod  a  continuous  intensification  of  the 
metal  bond  and  a  riso  in  strongth/^^hebodywoontorod  cubical  structure  (lattico)* 

This  is  o;:prcssod  on  ono  hand  in  tho  riso  in  molting  point,boil£ng  point  and  hoot 
oontont  at  molting  point,  and,  on  ehc  othor  hand,  it  promotes  a  riso  in  such  mechanical 
strongth  chare  toristics  of  tho  lattico,  as  elasticity  modulus,  hardnos j,  ultimata 

1  ; 

strongth.  etc  (see  tablo  5)»  Suck  an  incrcaso  in  strongth  of  body  contored  structure 
?  *  > 
from  alkali  metals  to  metals  of  tho  71  group-chromium,  molybdonum  and  tungsten-  and 
!  ; 

also  duriig  tho  transition  to  much  hoarier  motals  in  groups  17-71  is  of  onomeus  im- 

i 

portanco  for  tho  dovolopnont  of  hoot  resistant  alloys Ho at  rosistanco  of  motals  rises 

1 

>  * . 

in  direction  from  tho  I  to  tho  71  group  and  with  the  inoroasa  in  atomic  weight  within 

*  J.- 

I  j 

groups  17-71,  so  that  tho  most  hoat  rocistant  among  the  transient  motals  appear  to  ' 

i  '■  „ 

bo  niobium,  tantalum,  molybdenum  and  tungston,  Honee  it  is  orldont,  ospcoially,  also 

•  1 
f 

tbo  foot,  that  tho  roinforccacnt  of  niobium  and  its  alloys  with  30#  Zr  by  the  formation 

I 

of  solid  solutions  appear s  to  bo  moro  effoctiva,whon  pontavalont  vanadium  and  hoza- 
valont  chromium  and  molybdonum  oro  introduced,  as  compared  with  alloying  with  totra- 

▼alont  titanium*  1 

| 

But  tho  heat  resistance  qnd  above  all  tho  oxidizability  of  transient  motals  re- 

L  ...  !  .  r.  . : 

veal  entirely  diffornt  laws.  Let  U3  discuss  tho  thermodynamic  properties  of  higher 

- 4  , 

abides  of  transient  motals  of  IH-7H  groups  (tablo  6).  Judging  by  their  heats  of 
formatl'm  por  ono  bond  with  Og  ntaa,  by  tho  molting  and  boiling  points,  these  oxidos 
bocano  more  stable  in  direction  from  right  to  left  (from  the  VII  to  the  III  group) 


STOP 


'J7  VP  ■  t  ' 
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and  frcca  top  dos..'-'- 


Fis.li^I’Ilcrostructuro  of  surfoco  ]  ayor,contnrainr.to;l  with  oxygon  (X  500) 
a-niobiun;  b-Llb+30%  Sr;  c-Nb+  30 %  Zr  +  2%  Tij  d-IJb  +  30+  Zi1  ♦  10%  d. 


s rev  ■ 
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Table  6 

Thcrnalyn  -.  dc  pro.  ties  of  hi  gh '?  oxldorj  of  transient  mntals  [f',7^] 


Oxide 

iiC.O.  j 

■)  10.  ] 

V.o. 

CrO, 

' 

Mn,0, 

lioot  of  formation- 

131-.. 7 

112,70-1.0 

74,1+7.5 

16,1+2,5 

24,8±2,5 

&  %9C»kcul/nol  per-  ct*^ 

1020 

670 

135 

__ 

‘•a Hi  C  Point  dC 

Doiling  point, °0 

_ 

2227 

Paciiaa.  j 

— 

Paernu.  . 

c/tre  fffo  ■*  ‘ 

Jntropy  %oq  ikcal/dcgr:c  nol. 

—  _ 

«2.0±1.0 

3i,3io.i  j 

V7,2i2,5l 

1 

YiO,  ZrO,  NbjO|  MoO,  Tc.O, 


AS  above 


151.60-1,5 

17J.7±1,2 

00,7+2,0 

50,411,5 

•38.014, 

2120 

2700 

1400 

795 

120 

lilO 

4300 

- 

1100 

310 

2'hA±2.5 

12,11-0,1 

32,8+0.2 

18,610,3 

44,012,5 

Oxido....,  j 

Ln,0,  j 

ItfO, 

Tft|Ojk 

WO, 

n<+of 

143,513,0 

13310,5  ' 

0?.3±2,0  ^ 

1 

GO,  7+0, 5 

42.411,0 

A3  above 

2320 

27-+) 

1870 

1473 

208 

42U0 

- 

— 

1850 

30? 

— 

14,210,1 

31,210,4 

10,010,2 

49,5510,1 

At  otlicr  conditions  being  ucjusl/  ion  holds  that  rmch  lo-3o  tho  oxygon 

aton  in  the  tho  ccupcAind,  the  gr-.  ..ter  the  nur.bcr  of  ccrygon  atona  per 


u'.ctal  utca  •  An  increase  in  the  strength  of  higher  o.cidoo  in  dewnv+rd  direction  with 
tfrg  groyp gj 

in/  is  connected  with  an  increase  in  tho  riotnllic  nature  of  tho  element 

nt  an  incroaso  in  its  atomic  r.unibor,  Ta'oia  C  shwg,  in  this  way,  that  the.  least  dur¬ 


able  higher  cciidos  cro  ppssossod  by  by  r.o:.t  high  v 'lanes  in.:- tala  of  V.VI  and  VII 

high/ 


groups,  pose or 3 in^ 


oc^gon  valance*  In  thlr  connection  tin  no;  t  high  lilting  and 


licet  resistant  transient  jnctnls  -  inolyb-k nua,  tungsten.  -'id  rhar.iian  -  fern  tin  nost 


;  r^TT-Cj  -1020/1+2 


»  V  ? 


*  .V,  f  • 


low  molting  and  voak  highor  oxides;  scno  of  those  differ  in  addition  by  high  volati¬ 
lity  (lioClj*  VO^t  Tills  appoars  to  bo  the  min  reason  for  low  licat  resistance 

of  tho  nost  high  melting  metals,  on  account  of  which  they  require  protective  coatings, 

niobium,  like  tantalum,  has  tuch  more  durable  and  high  molting  higher  oxi 'os,  and 

effective/ 

alloying  appoars  to  bo  a  sufficiently  /  moans  of  increasing  thoir  hoat 

resistance  qualities, 

Tho  motal  can  bo  hoat  rosistont,  if  in  the  subsequent  series  of  its  ooddos,  ori¬ 
ginating  layor  by  layer  on  the  surfneo  in. tho  process  of  oocidatim,  thcro  would  be  , 
at  loast  one  sufficiently  strong  oxide  to  form  a  dans,*  protective  layer,  Tho  high 

I 

hoat  rosistunco  of  chromium  is  due  to  tho  formation  of  a  film  of  tho  Cro0o  compound,, 
th.  hl«h/ 

combining  /  heat  of  formation  with  sufficient  high  malting.  Still  hi^xor/ 

proportlos  aro  possessed  by  CrgOg-FeO,  CroOj-NiO  types  of  spinel  and  others,  By  stu¬ 
dying  tho  thermodynamic  qualities  of  intermediate  oxides  of  niobium  ,vanadium  and 

> 

other  transiont  motals  it  beccmos  ovidont  that  much  strongor  aro  ordinarily  not  higher 
but  lcwor  oxides,  namely,  monoxides  NbO,  VO,  Iln0,3osqui  oxides  and  others  (tab¬ 

le  ?),  Monoxides  of  transiont  motals  possess,  as  a  rule,  a  simple  structure  of  tho  ! 

strong/  I 

Nad  typo,  clearly  oxprosood  metallic  proper  ties,  prenoting  a  / bond  with  the 

the/ 

luttico  of  A  very  motal,  and  tho  ability  to  roinforoe  by  being  alloyed  with  other' 

\  '  t 

motals.  Evidently,  the  effective  method  of  increasing  the  effectiveness  of  the  pro¬ 
tective  NbO  layer  can  bo  tho  alloying  of  niobium  with  such  olements  (mntols), which 
havo  tho  some  outer  electronic  ion  configuration,  as  does  niobium,  they  possess  the 
body  contcrod  cubical  structure  and  contribute  by  thoir  valent  oloctrons.  In- view  of 
the  fact,  that  the  ratio  r°»  r.^  =  2,0  is  unfavorable  for  tho  formation  of  nr  NaCl 

I — - ,j 

type  structure  NbO  has  up  to  2$%  of  oxygen  vacancies,  and  tho  introduction  of  motals 

^  ■  * 

with  scnllor  ion  radii,  than  in  niobium,  will  promoto  a  riso  in  density  and  in  tho 
protcctivononr.  of  tho  monooxido  layer.  From  this  view  point  titanium,  vanadium, ohrer* 


Ml 


hi 
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rpl9-.Pt/ 

niun  and  molybdenum,  selected  in/  additions  in  th :  niobium  1  Icy  with  ^0.1  lx 

appoarod  to  be. -oat  perspective,  A  further  w  y  of  increasing  th a  host  resistance  may 
lie  in  direction  of  formation  of  fur  foie  s;  lnols  between  hb  0 ,  VO  u.d  Cr^C^,  AloCu  r.o- 
nooxides. 

Of  the  c  her  on  nllcyin-  «  lcr.cnt3  Y-nadiun  end  molybdenum  form  vd  th  niobium  contt* 
nuous  nories  of  solid  solutions  from  room  temper, turo  to  molting  point,  v.’ith  a  nini» 
on  the  li'-juiaus  end  solidus  curve 3.  Zirconium  n n  1  titanium  in  the  r  n ye  of  high 
tcr.persturos  (above  1000°  .ad  600°  respectively)  also  form  with  niebiun  continuous 
series  of  solid  solutions,  since  their  hi^h  tomperturo  b e t a -mod i  f  i  c .  1 1  i  >.  “w  avu  iso¬ 
morphic  relative  to  the  struct uro  of  niobium,  and  tho  ratio  of  atonic  radii  also 
appears  to  bo  favorablo4 

At  temperatures  bcla/  indicated  in  alleys  of  tho  Ilb-Zr,  irb-Ti  system  thoro  are 
polymorphis  conversions,  duo  to  the  appenranco  of  con*-  +  hoxngon-il  alpha-phaso* 
Zirconium  stabilizes  the  high  temperature  hata-phaso  and  the  node r a toly  hardened  (in 
air)  niobium  alloy  with  jO^  Zr  has  the  structure  of  bota-solid  solution,  Chromium, 
os  voll  as  niobium,  possossos  body  centered  cubical  structure,  but  tho  dlfforance  in 
attoic  redi',  exceeding  15^»  loads  to  tho  limitation,  of  solid  solution  zones  and  to 
the  appearance  of  a  IlbC^  compound. 

Additions  of  2-10;;  vanadium,  molybdoru.ua,  titanium  or  chromium  to  tho  niobium  al¬ 
loy  with  30£  Zr,  apparently,  promote  a  riso  in  stability  of  tho  solid  solution  with 
holy  centered  cubical  structure.  Consolidation  of  the  transient  mtal  base  solid  solu¬ 
tion,  0*3*  niobium  bass,  as  result  ofthe  o^foct  cf  ".Haying  with  other  transient  me 
tala,,  o*g* zirconium,  titanium,  vanadium,  chromium  .-mdmolybdcnyni,  in  duo  to  n  sorios 


pru.r,Q3,  and  above  all  to  the  vilenco  of  tho  .lloying  trr.nsl.ont  netnl,  to  the  dimension 
of  its  atcn,  structure  of  outer  electron  uholls,  concentration  of  electron  gas  etc. 

The  values  of  atomic  redi  *  of  the  used  transient  aotal3  :ro  sue’.::  lib 
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Zr  -  lt60|  Ti  -  1,47;  Ilo  -  1,40}  V-  1,361  Cr  -  1,28  %, 

1^1 2s/ 

of  niobium  with  elements,  forming  with  it  solid  solutions,  as  shewn 
dintet/ 

by  theory,  is  in  f  dependence  upon  the  atomic  radius  of  the  alloying  element  end 

the  amount  of  admixture. 

Alloy! rv!  of  niobium  with  zirconium  strengthens  same  as  result  of  considerable  di^ 

aoltttion/ 

farence  in  atomic  radii,  Subsequent  alleging  of  the  solid/  of  the  alley  (Nb  * 

30^  2 r)  with  elements,  forming  with  niobium  solid  solutions,  shows,  thnt  additions 
©f  Cr,  V  and  Ko  do  bast  strengthen  the  binary  allqy.  The  obtained  results  oan  be  ex¬ 
plained  by  the  o Lengthening  of  the  crystalline  niobium  lettloe  end  of  the  niobium- 
zirconium  alley  as  result  of  the  difference  in  atonic  radii  of  niobium  end  alleging 
admixture.  Chromium,  the  r.tardc  radius  of  viiich  is  nuch  smaller,  than  in  niobium, 
causes  also  a  considerable  rise  in  tenacity  «s  result  of  maximum  distortion  of  the 
crystalline  lattice. 

Atonic  radii  of  titanium  a. id  niobium  are  approximately  identical,  consequently 
titanium  alloying  of  the  binary  cllcy  leads  only  to  a  slight  rise  in  hardness.  An 
incroase  in  the  amount  of  Cr,  I-Io  or  Y  in  solid  solution  leads  to  a  rise  in  hardness 
(see  fig.l) . 

An  incroon#  in  hor  hardness  of  the  IJb  ♦  alloy  at  5®®  and  1000°  in  compari¬ 

son  with  tho  niobiuia,  apparently,  can  also  be  explained  by  the  presence  of  the  degree 
of  distortion  of  t lie  niobium  luttioe  as  result  of  the  differenoe  of  atomic  radii,  and 
also  by  tho  presence  of  valance  of  the  alloying  element  (see  table  3)* 

By  comparing  the  ^apha  of  gains  in  theprocess  of  oxidation  at  $00°  it  became*; 
■evident,  that  all  ternary  alleys  hove  shown  approximately  identical  galsn  after  20 

I 

;hcwrs  9!  exposure.  It  is  therefore  difficult  to  separate  out  the  best  alloy.  , frit  it| 
rcaft  becanentioaed  that  at  2 %  additions  to  j*  binary  alley  maximum  increase  in  cxidaf 

^tion  resistance  ia  offered  by  vanadium.  At  5  1W  ^llaflflng  admfxtsure  the  tiest  rei 

l_  0 . .  .  •  .  _ _ _  .  J 

•j  TOP  "I  STOP  Ht'Hf 
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^Ult  is  sham  by  Cr.  Thu  diffcrenco  in  gains  in  all  all  a/ a  constitutes  1-2  g/m^,  con- 
ooquontly  it  can  bo  said,  tint  under  given  conditions  the  stability  of  cil  investi¬ 
gated  alloys  io  approximately  of  the  s.:nc  ordor  of  magnitude,  Tho  boot  alloy  in  the  an 

■ 

conditions  appears  to  bo  tho  ono  whic^  offors  a  dark  protoctico  film. 

:ik<x\  to  a  tin-  tho  oxidizability  of  .-Hoys  at  1000®  took  place  a,  sharp  division  of 

the,  b?.jt/ 

ulloy3  with  respect  to  stability.  Gain  analysis  shows,  that/  offoct  on  an  in¬ 

crease  of  sealing  resist anco  of  the  binary  alloy,  within  the  linits  of  the  invosti- 

oonoentratloniV 

gato.l  /  are  admixtures  of  103  Ti,  7 3  M>  and  53  Y .  The  strongest  offoct 

on  the  incrorso  in  scaling  resistance  of  the  binary  alley  is  producod  by  an  adnixturo 


of  7/1  Vo 


reduced  in  half  the  gain  in  comparison  with  103  Ti , a nd  53  V  admixtures 


furthermore^  promotes  the  formation  of  a  dense  gray/ 


.  oxide  layer. 


A  rise  in  oxidizability  of  tel’nary  alloys  with  an  incroaso  in  vanadium  and  non¬ 
volatile/ 

lybdenum  admixture  to  abovo  optimum  takes  place  as  result  of  formation  of/ 

the  best/ 


720tj  and  IIoO^  oxides.  Of  all  the  investigated  alloys  ono  vine  found  to  bo  a* 

quaternary  niobium  alloy  with  103  Zr,  10 3  Ti  and  10,3  Vo,  which  showod  minimum  gain 
and  excollont  surfaco  stato  uftor  20  hoursof  testing  at  1000°, luring  oxidation  on 
this  alley  is  formed  a  thin  donso  gray  non-pooling  oxide  layer,  Tno  remaining  alloys 


showod  loss  satisfactory/ 

alloys/ 

A  comparison  of  rates  of  oxidation  of  tho  invo3tigntod  ternary  /  with  tho 


(ot  oxidation  of  binary  alleys  (by  literature  sources)  is  given  in  tablo  0,  As  is. 
evident,  303  additions  of  Zr  to  bunary  niobium/titaniun,  niobium/: lolybdonum  and  r.io- 
biiuVchromiua  alloy 3  load  to  a  considerable  improvement  in  scaling  rosistanco  of  tho 

.  .  it 

ullcys;  on  oxcoption  horo  uro  niobiun/vanudium  alleys, 303  Sr  additions  to  which  do 
not  improve  tho  scaling  resistance. 

The  nature  of  the  r  ;to  of  oxidation  curves  of  tho  investigated  ternary  alloys 
coincides  qualitatively  with  the  corresponding  rate  of  oxidation  curves  for  binary 
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alleys,  However,  in  ternary  alleys  the  minimum  rato  on  alleys  with  vanadium  shifted 

fresn  10  to  j?*%  .md  in  alloys  with  IIo  -  from  5  to  7#» 

Table  0*  Comparing  rates  of  oriel  at  ion.  at  1000®  of  tori  .ary  alloys  (in  nccor— 
dunce  with  data  of  this  report)’  end  binary  alleys  (by  literaturo  data)  B) 


Composition  of  alley,  % 


r:iobiun^l,2l 
Hiobium  *  - 

Nb  +  35  Zr 
Js'b  +  30  Zr 


Nb  -!-  5  Tl .  .  .  . 
Nb  -i-  30  Zr  +  5  Tl 


Nb+10  Tl  .... 
Nb  +  30  Zr  +  10  Tl 


Nb  +  5  V  .  .  .  . 
Nb  -:-30  Zr  +  5  V 


Nb  +.  10  V  •  •  .  . 
Nb  -i-  30  Zr  +  10  V 


Nb  +  o,Cr . 

Nb  +  30  Zr  +  5  Cr  . 


Nb  f  10  Cr  .... 
Nb  +  30  Zr+  10  Cr 


Nb  +  5  Mi . 

Nb  +30  Zr  +  5  Mo 

Nb  +  10  Mo  .  .  . 

Nb  +  30  Zr’+lO  Mo 


•  ••••• 


Hato  of  or: ids-  ion 
Vin-.lir  _ 

242 
220,9 
300 

245.5 

157,0 

02,6 

77 

42.2 

46 

55.2 

35,0 
/  299,5 

281  I 

176.6  I 
262 

106.2  . 

46 

36.3 

101 

78.4 


Tina  of  oreposuro 
_  hr _ 


20 

5 

5 

5 

5 

10 

10 

10 

10 

10 

10 

5 

5 

5 

5 

20 

20 

5 

5 


Alloying/ 

/  af  binary  alloys  with  30%  2?  reduced  the  depth  of  orrygon  contamination,  In 

alleys  with  titanium  by  1-0*2  tin,  and  in  binary  alleys  with  chromium, vanadium  and 
molybdenum  by  approximately  two  times*  In  publish9&  data  the  niobium  alloy  with  3 5% 
showed  a  depth  of  contamination  of  the  order  of  0*05  m,  whilo  investigations 
have  re var.led, that  the  dept!)  of  orygon  contamination  on  the  niobium  +  30%  Zx  alloy 
oquals  0*33  rro. 

In  the  investigated  alloys  tho  depth  of  contamination  lies  batwoon  0*3  -  0,4  isra* 


A  s&urp  reduction  in  tho  depth  of  contamination  on  the  lib  +  30#  ?x  arid  10#  7  alloy 
is  due  to  greater  rate  of  oxidation,  at  v/hich  *hc  process  of  metal  conversion  into 
orido  is  much  faster  th.ua  the  process  of  contamination  ,An  increase  in  tho  alloying 
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admixture  clows  dam  the  pvocoss  of  metal  conversion  into  oxida,  as  result  of  forma¬ 
tion  of  uoro  protective  oxide  films,  which  consequently  nay  c\u so  a  rise  in  layer 

Ww&l/ 

contamination  depth.  On  the  investigated  alloys  after/  of  the  oxides  is 

revealed  a  der'e  sub  layer,  which  docs  not  separate  froa  tV  snmplo,  the  ctructuro 
of  'which  has  not  finally  explained.  According  with  the  announcement  of  ono  of  the 
authors, this  is  a  mixture  of  IJbO  end  IJb^j  oxides,  others  assume  the  prosonce  of  an 
orionted  NbjjOjJ  with  a  deviation  from  the  stoichiometric  composition. '.Tion  pickling 
the  microscopic  sections  the  sublayer  remaining  on  the  samples  ho a  well  conducted 
current,  which  indicates  its  sufficient  metallic  nature. 

On  alleys,  living  shown  excellent  oxidation  resistance,  after  removal  of  the 

closely/ 

/adhering  thin  gray  oxide  film  was  also  detected  a  dark  sublayer.  An  the  exposure  tins 

increases  the  rato  of  alley  oxidation  decreases,  although  on  the  alloys  is  formed 

i 

a  cracking  pooling  off  oxide  film,  which  cannot  serve  as  ade-uate  protection,  This 
offors  basis  to  asamo,  that  the  procoss  of  oxidizing  niobium  alloys,  apparently,’  is 

controlled  by  the  properties  of  the  sublayer,  A  certain  effect  on  the  reduction  of 

calcining  of  the 

the  rate  of  alloy  oxidatJon,  most  likdy,can  bo  produced  also  by  the/ 
oxides  ,  which  took  place  on  many  alleys. 

Oxidation  of  the  metal,  apparently,  takes  place  on  the  sublayer-oxide  boundary, 
because  the  mark  loft  on  the  sample,  was  well  preserved  on  the  oxide  film  and  vias 
not  covored  by  reaction  products,  thus  indicating  the  diffusion  of  ay  gen  into  the 
depth  of  tho  nctal.  On  the  sublayer- oxide  boundary  takes  place  the  formation  of  iibgOtj 
typo  oxide  of  this  or  any  other  modification,  as  result  of  aygon  diffusion  through 
tho  oxide  film  and  diffusion  of  niobium  ions  through  the  sublayer.  Cm  alleys,  having 

- . 4  .  *  •'* 

clioun  good  results  and  being  coated  during  oxidation  by  a  gray  dense  thin  non-peel 

Tinfluenoe^ 

ing  oxide  film,  the  slowing  dawn  of  tho  rate  of  oxidation  ir,  apparently,  7 
also  by  the  growth  in  o:±dol;iyor  thickness,  Tho  oxidation  process  in  this  onse  is 
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controlled  by  the  sublay  or  and  by  the  growing  ability  of  the  surface  layer  as  well* 

investigated/ 

Aastruction  of  oridc  layers  on  samples  of/  alleys  takes  place  bnsienl 

ly  as  result  of  origination  in  the  film  of  internal  stresses,  as  result  of  creator 
volumetric  :^205  coefficient.  On  the  cylindrical  surfaco  of  the  cample  as  result  of 
oxido  film  growth  originate  tonsile  stresses,  leading  to  radial  cracks.  On  the  faces 
of  the  sample  the  o:dLdo  layer  is  by  one  side  firmly  connected  with  theme  tal,  hinder 
ing  its  growth,  v;hich  nay  cau3s  compression  stresses  in  plane,  parallel  to  the  faoo. 

As  the  o:ldo  layer  grows  the  increasing  magnitude  of  th  se  stresses  leads  to  shearing 
of  the  oxide  layers  along  those  surfaces.  Alloying  may  impart  to  the  oxide  layer  a 
greater  mechanical  strength,  plasticity,  and  also  change  the  volumetric  coefficient 
of  the  forming  oxido.  Formation  of  such  oxide  films  results  in  a  considerable  rise 
in  scaling  resistance  of  the  alloy. 

Oxygen  contamination  of  niobium  and  alleys  on  niobium  basis  telcos  place,most 
result/  oxido  film/ 

likely,  as  /  of  oxygon  diffusion  from  the/  into  the  metal,  lhe  oxygen 

contaminated  metal  layer,  represents  a  solid  solution  of  oxygon  in  niobium.  The  oddi- 

i 

tion  of  30#  Zr  impart  to  the  contaminated  metal  layer  a  lamellar  typo  structure,  which 

is,  possibly,  /  with  the  separation  of  dissolved  oxygen  in  form  of  zirconium 

and  niobium. oxidos.  All  eying  of  niobium  with  Zr  sharply  reduces  the  rate  of  metal 

conversion/  the  rate/ 

/  into  oxide,  and  also  considerably  reduces  i  of  oxygon  diffusion  in 

notal,ns  result  of  which  in  the  contaminated  layer  is  produced  such  a  concentration 
of  oxygen, which  oxceods  its  solubility  limit  in  the  given  alloy, which,  naturally, 
leads  to  separation  of  niobium  oxides  and  oxides  of  the  a 11 eying  element  in  form  of 
flakes, resembling  an  eutectoid.  Alleys  without  zirconium  or  with  a  lesser  content 

of  same  have  after  oxidation  a  sharply  outlined  contaminated  layer,  the  structure 

lamellar/ 

of  which  is  not  /  but  Represents  a  solid  solution  with  separations. 

To  incMoaoo  the  scaling  resistance  of  niobium  tho  alloying  should  bo  done  by 
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f  uch  admixturos,  which  would  no  euro  in  the  initial  momrn  t  of  oxidation  the  creation  of 
a  protective  ho  at  reoict  ant  oxide  lay  of  with  possibly  smaller  umber  of  vacancies* 

It  war  found  that  protective  pxide  layers  uro  produced  by  admizrfcuros  of  o lor.cn ts  with 
smaller  ion  radii  then  in  niobium  (0*69  ?0 »  namely,  vanadium  (0,4  ?0 »  molybdenum 
(0,62  )und  chromium  (0,35  % •  --ore  is  necornury  to  take  into  consideration  the  solu-* 


thermodynamic. 

bility  of  the  a  11  eying  olonont  in  the  oxide  of  tho  basic  metal  and  the 

stability  of  the  oxide  of  tho  alloying  elemont. 

If  it  is  assumed,  that  tho  rate  of  niobium  oxidation  is  limited  by  the  diffusion 

main/ 

of  o:cygon  through  tho  ITbO  monoxide  film,  then  the  /  problem  appears  to  be  a  rcduc- 

,  *a/ 

tion  in  defectiveness  of  this  oxide,  in  which  about  22%  of/  ^re  not  occupied  by 


much  lurgoJ?  o:<ygen 


ions  and  appear  to  be  vacancies,  facilitating  oxygon  diffusi'or 


to  the  metal.  Such  a  porosity  of  ITbO  lattice  is  duo,  apparently,  to  tho  unusually  lar- 
go  ratio  of  anion  and  cation  radii  =  2»  v,h*ch  lies  beyond  the  limit,  favoring 

the  formation  of  ITaCl  typo  structures, 

1 

Ihc  IlbO  nonooxide  has  the  I  To  Cl  typ3  structure  with  parameter  a  »  4*203  51,  corrGS 

i 

ponding  to  the  doubled  sum  of  ion  radii  .(0,69  +  1,32  »  2,olft  ),  by  its  structure  it 
oppoars  to  be  stable  only  after  removal  of  a  part  of  oxygen  atoms, which  reduces  stress 
and  lattice  distortion.  Substitution  in  such  a  lattice  a  part  of  niobium  ions  by  ions 

1 

1 

of  metals  with  snallor  ion  dimension,  but  with  very  same  and  improved  outer  p-sitaila 

ritics,  offers  the  possibility  of  filling  up  the  vacancies  with  oxygen  ions, 

additions  of/ 

Consequently /  Vitanium,  vanadium  (in  small  amounts), chromium  and  mo¬ 


lybdenum  promote  the  obtairment  of  a  more  dense  and  more  protective 


monooxide 


film  with  lower  number  of  Vacancies;  such  additions  do  effectively  raise  the  scaling 

\ 

resistance  of  niob;un  and  its  alleys  with  zirconium.  A  certain  favorable  offeot  of 

zirconium,  having  a  groator  ion  radius,  th.n  niobium,  is  duo,  apparently,  to.  the 

high  strength/ 

/  of  its  dioxide,  which  appears  on  the  surface  of  tho  alloy  at  sufficient 
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very/ 

ly  Mg h  nirconiun  concentration.  Fox*  iho/  c one  roasens  a  comparatively  high  vana¬ 
dium  and  nolybdcrium  content  decreases  the  scaling  resistance  of  niobium  as  remit  .of 
appearance  of  unstable*  natural  Yo0^  and  IbO^  oxides.  In  complex  alloys  the  effect  of 
Various  factors  is  much  more  difficult  to  be  taken  into  consideration. 

Conclusions 

effaot/  vanadiunu 

1,  Investigated  was  the /  of  additions  of  alloying  elements  -  titanium,/ 

clii' (Xiiutii  and  niolybd onurx—  in  quantities  of  from  2  —  10  at »%  on  the  sc  -.ling  resistance 
r.nd  oxygen  contamination  of  binary  alley  of  niobium  with  3°  at*#  of  Sr, 

Ihc  investigation  was  conducted  at  temperatures  of  5^0  and  1000°  with  heating  in 

exposures/ 

the  air  end  /  of  1,  3*  5*  10  and  20  hours. 

2,  Oxidation  of  niobium  at  500°  follows  the  linear  law  and  is  characterised  by  very 
high  rates  of  oxidation,  or  the  order  of  2 g  g/m2,hr.  Alloying  of  ni.obium  with  305?  Ze¬ 
roises  its  scaling  resistance  at  500°  by  more  than  4°  tima3.  Additional  alloying  of 
the  Kb+  3 O.tZH  with  admixtures  of  2-10£  titanium,  vanadium,  chromium  or  molybdenum 
Increases  the  scaling  resistance  of  the  alloy  at  500°  by  1^5  tines  as  comporod  with 
the  binary  alloy* 

}  . 

3.  Un.illcyod  niobium  at  1000°  has  an  extremely  high  rate  of  oxidation, equalling 

230  g/m2. hr.  Introduction  of  30  nt',%  of  ?JS  reduces  20-hr  gain  from  4600  to  3150  g/b£ 
i,o*  a  total  of  1*5  timoa.  Additional  alloying  of  the  2Vo+30%  Sr  alley  with  adnixtu* 
res  of  2-10%  Tt  end  Cr  considerable  raises  its  scaling  resistance,  'dditions  of  mo- 

jSVUL&I&b/ 

lyhdenum  and  f  to  7  and  5  r-t  %  respectively  increase  the  scaling  resistance 

of  the  IJb+30^  a?,  but  at  a  fyrther  increase  in  their  concentration  the  scaling  reals-* 

AHUM! £«/ 

tanco/ 


. —  4 


4»  Alloying  of  niobium  with  30%  Sr  doorcases  the  depth  of  o:<ygen  penetration  for 
20  hrs  at  1000°  from  4*5  r,n  to  0,33  ran.  Additional  alloying  ofths  binary  alloy  with 
admixtures  of  titanium,  vanadium,  chromium  r.nd  molybdenum  only  slightly  changes  tho 
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deaths  of  o::yge n  penetration. 

oxidation/ 

5»  -n  the  nit;  corn  of/  at  j00°  on  niobiur.i  is  formed  porous  white  scale* 

Edition  of  30/^  Zr  loot's  to  the  fc.rri.it ion  ilurirg  orddation  of  a  dark  protective  orci* 

2t-l W 

do  layer.  Additional  alloying/  binary  alloy  with  titanium,  vanadium,  chromium 
and  molybdenum  brings  practically  r.o  changes  to  the  outer  ap.  earaneo  of  tho  o;:i  ’ o 


film. 

6,  At  1000°  and  20-lir  exposure  a  niobium  sample  with  a  di.-u.io ter  of  1 5  mm  end 
5  m  in  height  onidlses  entirely.  On  remaining  alleys  is  formed  a  thick  crnckir. -j  scale 


*.’ith  the  increase  in  content  of  the  third  alloying  olonent  in  the  niobium  +  30^  Zr 
alley,  the  thickness  of  tho  orldo  film  decreases, 
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